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Relatively  few  quantitative  studies  of  the  photolethal  effects  of 
ultra-violet light upon protozoa have been made. 
Apparently the earliest attempts were those of Dreyer (1903) who found that 
cysts of Amebae were thirty-three times as resistant to the carbon arc light passed 
through a quartz system as were the active forms.  He also demonstrated (1904) 
that there is a  considerable  range of susceptibility of various infusorians to such 
radiation, and that slight dosages  of radiation might kill the infusorians after a 
lapse of time. 
Hertel (1905), using a  thermopile, determined the relative intensities of mon- 
ochromatic light of each of the following wave-lengths:  2100,  2320, 2800, 3340, 
and 3830 A.  He showed that at equal intensities,  the shorter the wave-length the 
greater is its destructive action upon Paramecium, and that 3340 and 3830 A had 
practically  no  effect.  Using  two  approximation  methods  for  determining  the 
absorption of ultra-violet light  by protoplasm,--the fluorescence  of  the  rabbit 
cornea and the increase in bactericidal time when the cornea is interposed between a 
culture of bacteria and the beam of light,--Hertel concluded  that the shorter  the 
wave-length, the greater the absorption by the cornea and possibly by all cells, and 
added that for a given amount of energy absorbed at any wave-length, the destruc- 
tive action is probably the same. 
Sonne  (1929) and  Weinstein  (1930) attempted  to  determine  which  of  the 
wave-lengths of  the  quartz  mercury arc  are  most destructive  to  Paramecium. 
Both made comparisons on the basis of the total energy delivered  per mmfl to 
kill.  Sonne  found  2804 A  most effective.  Weinstein  found  the  wave-lengths 
2537, 2654, 2804, 3020, and 3130A effective to 96.4, 100, 87.4, 20.0, and  11.0 per 
cent, taking the most efficient wave-length (2654 A) as 100 per cent; his incident 
energy necessary to kill the Paramecia varied from 2,162 ergs/mm.  ~ at 2654 A to 
19,629 ergs/mrn.  ¢ at 3130 A. 
Recently Swarm and del Rosario (1932) found that the wave-lengths 2536 and 
2894 A killed Euglenae readily while  3132 and 3654 A had practically no effect. 
On their photomicrographs of Euglenae taken through a  quartz microscope the 
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nucleus appeared much darker than the cytoplasm at 2536 and 2894 A but indis- 
tinguishable  from it  at  3132 and  3654 A.  By  reading  the  photomicrographs 
with a densitometer, they were able to obtain the total extinction coefficients at 
the given wave-lengths. 
It has been shown that the lethal effect of quartz ultra-violet  radia- 
tion on protozoa is strongest at the shorter wave-lengths,  apparently 
becoming quite weak at 3130 A.  However, the data as to  the most 
effective of the lethal wave-lengths are conflicting and no absorption 
measurements are available. 
It, therefore,  appeared desirable to the authors first, to attempt to 
determine the wave-length of maximal photolethal  efficiency upon  a 
protozoan  cultured  in  some  standardized  manner  and  second,  to 
measure the  absorption of the lethal wave-lengths by this  animal. 
Materials 
Paramecium multimicronucleata, a large and easily cultured form, was chosen 
as the experimental animal.  The clone isolated was grown at 26  °  q- 0.1°C. on a 
single  strain of bacteria in 0.1  per cent lettuce infusion,  buffered with 0.0075 ~r 
KH,PO~ fitrated to a pH of 7.0 with NaOH.  Test tubes containing 15 cc. portions 
of the sterile medium were inoculated with Pseudomonas ovalis, and, 24 hours later, 
twenty Paramecia of a healthy clone were added.  Such cultures showed closely 
corresponding numbers  at  comparable times.  The  cultures  were  used  on  the 
3rd day when vigorous development occurred. 
A water-cooled quartz-mercury arc giving a constant output at high intensity, 
running on 2.2 amperes and 250 volts, was used as the source of radiation.  The 
monochromator consisted  of two crystal quartz lenses  and a  Cornu  equilateral 
prism 5 cm. high and 7.2  cm. on a side.  Both the arc and the monochromator 
have been described elsewhere  (Leighton and Forbes, 1929; Leighton and Blacet, 
1932).  The exposure chamber is illustrated in Fig.  1.  Light entering slit S from 
the monochromator is focused to a parallel beam by lens L (5 cm. diameter) and is 
reflected from the right angle prism P  (3  X 2 X 4.2 cm.) through the reaction cell 
C containing the organisms to be irradiated.  T is the thermopile just above the 
reaction cell.  When the thermopile is removed, a low power binocular (20 ×) can 
be placed over the reaction cell and the Paramecia may be observed in  the fluo- 
rescent light from the right angle prism. 
Two reaction  cells were used:  No.  1,  made by grinding  a  depression  1 ram. 
deep and 8 ram. in diameter in a plate of crystal quartz, was used for lethal dosage 
studies;  No.  2,  constructed by cementing a  piece  of glass tubing  6.35 mm. in 
diameter to a crystal quartz plate with chicle and grinding  the tubing to a length 
of 1 ram., was used for absorption measurements.  Both  cells were thoroughly 
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The  line  thermopile  was  constructed by one  of the  authors,  the  line  being 
approximately 1 ram. wide and 24.15 rnm. long and containing 20 silver to bismuth 
junctions,  with blackened  tin4oil  radiators,  in series.  It was moved in slot sl 
(Fig. 1) across the upper surface of the reaction cell, by turning a screw (millimeter 
thread)  extending to the exterior of the exposure chamber.  A  D'Arsonval high 
sensitivity galvanometer was used in series with the thermopile.  The thermopile 
was calibrated against lamps C-80 and C-81 obtained from the Bureau of Stand- 
ards, and the thermopile factor (22.4  ergs/sec, per mm. of beam width per cm. 
galvanometric deflection) was then corrected for the reflection of light  from the 
FIG. 1.  The exposure chamber 
quartz window of the thermopile to apply to ultra-violet wave-lengths  (Leighton 
and Leighton, 1932). 
Procedure 
Mter the arc had been in operation for half an hour and had attained constancy, 
an intensity reading was made with the reaction cell No.  1 filled  with distilled 
water.  Similar readings were made at 2 to 3 hour intervals during the day and 
plotted.  The intensity for a  given experiment was then read directly from the 
graph.  It was found most convenient to leave the cell uncovered; however, a small 
measured drop of distilled water was added to focus the light upon the thermopile. 
In the time necessary for intensity readings very little evaporation occurred. 560  ULTRA-VIOLET RADIATION  OF  PARAMECIUM 
To study the photolethal  effects upon  Paramecium, fifty individuals from a 
standard culture were transferred into the same reaction cell  and culture medium 
was added until the meniscus was plane.  (The use of greater numbers of Para- 
mecia was found undesirable since it made accurate counts difficult.)  To prevent 
evaporation from the surface of the reaction cell, since the exposure lasted from 30 
minutes to over an hour, a glass cell was placed over it to form a moist chamber, 
and the edges of this chamber were periodically coated with water.  Since  only 
light of wave-lengths shorter than 2000 A produces ozone at atmospheric pressure 
(Dhar,  1931) it was not thought  necessary to seal the Paramecia from contact 
with air. 
In photolethal studies a problem of great importance is the choosing 
of an end-point.  A  consideration of the visible effects of light  upon 
Paramecium will make clear  the  most  useful criterion  of the  lethal 
dose.  Upon first being irradiated  at wave-lengths 2537,  2654,  2804, 
and  3025 A,  the Paramecia show slight  stimulation,  then  a  gradual 
decrease in  activity accompanied  with  a  shortening  and  broadening 
of the individual.  Next, the contractile vacuoles become huge spheres 
with the canals enlarged, seemingly jelled, standing out like  the rays 
of a star.  The cilia of the body then take on an uncoordinated,  slow 
beat and the only movement occurring is a  rotation on the long axis 
due to the  beat of the oral cilia.  The  oral cilia  may next be inac- 
tivated.  However, vesiculation often occurs before the oral cilia are 
inactivated and in some cases even while some of the body cilia are 
still active.  The vesiculation usually occurs with the formation of a 
clear vesicle at the posterior end, although at wave-lengths 2537 and 
3025 A many vesicles may form.  When the internal contents of the 
animal are forcibly ejected into a vesicle, it bursts and the Paramecium 
disintegrates leaving a mass of scattered granules in Brownian move- 
ment.  In  the experiments  reported here vesiculation was chosen as 
the criterion of death because it is an end-point  easily observed and 
therefore not subject to so much individual interpretation.  Further- 
more, it is proportional to dosage of irradiation  as will be noted from 
Fig.  2. 
During  irradiation,  the  Paramecia  were  observed periodically  (2 
minute  intervals  after  the  first  effects  appeared)  and  the  number 
immobilized or beginning to vesiculate was recorded opposite the time 
elapsed since the beginning of irradiation. A.  C.  GIESE  AND  P.  A.  LEIGHTON  561 
Since during the greater part of the experiment Paramecia tend to 
swim at random on each side of the horizontal midplane of the reaction 
cell, the intensity of the light at this midplane is a more accurate meas- 
ure of the average intensity of the light striking the Paramecia.  (The 
absorption  by  the  twenty-five Paramecia  on  the  average between 
front  and midplane of the  cell  can be  neglected.)  Therefore, the 
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FIO. 2. Rate of vesiculafion  after irradiation (X 2537 A) 
mldplane intensity (Imp, the intensity at 0.5  ram. depth of culture 
medium) was calculated by applying Lambert's law. 
The total energy necessary to produce a given effect consists of two 
factors--the intensity and the time.  Theoretically, either one might 
be varied to produce this effect.  However, if we keep the intensity 
constant for different wave-lengths, irradiation with light of the less 
destructive wave-lengths will kill only after a  longer lapse of time, 
and, if protoplasmic recovery occurs, the results at different wave- 562  ULTRA-VIOLET RADIATION OF PARAMECIU~ 
lengths  will  not  be  comparable.  Therefore,  the  time  required  to 
produce an effect at different wave-lengths was kept roughly the same, 
the intensity being varied; the experiments were arranged in  such a 
way  as to be completed roughly within 40-60 minutes.  To prevent 
errors  which  might  occur  from  temperature  changes  the reaction 
chamber was maintained at  from 25-27°C. 
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FrO. 3. Rotation and vesiculation  of Paramecium at X  2537 A 
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RESULTS 
Comparative  Photolethal E ficiencies of Different  Ultra-Violet 
Wave-Lengths 
Fig. 3 gives the numbers of Paramecia immobilized and vesiculated 
for a given amount of irradiation at wave-length 2537 A. 
Fig.  4  shows  the  relative  efficiencies  of  the  wave-lengths  2537, 
2654,  2804,  and  3025 A  in  inducing ~mmobillzation of body cilia, 
Fig. 5, in inducing vesiculation.  In both cases the same sequence is A.  C.  GIESE  AND  P.  A.  LEIGHTON  563 
found: 2804,  2654,  2537,  and  3025 A.  The wave-length 3130 A  is 
omitted since preliminary studies showed that it had no destructive 
effects upon Paramecia even after several hours of intense irradiation. 
Both  graphs  are  reproductions of  smoothed curves.  The  standard 
deviation, a, of the experimental points from the mean, and the prob- 
able error, E,, have been calculated and are included on Fig. 5.  It is 
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FIG. 4.  Immobilization of body cilia at X's 2537, 2654, 2804, and 3025 A 
evident that the difference  in photolethal eiticiencies of the cited wave- 
lengths is many times the largest probable error and several times the 
deviation from the mean for a given wave-length, therefore the order 
of effectiveness has statistical significance. 
Absorption Measurements 
While a  comparison of the photolethal efficiencies on the basis of 
the incident energy is interesting, it would be more significant to make 
the comparison on the basis of the absorbed energy. 564  ULTILA-VIOLET IKADIATION OF  PARA~[ECI-~ 
Although 1 mm. of the culture medium absorbs about 20 per cent 
of the incident radiant energy at the lethal wave-lengths, it is not the 
agent of the photolethal effect.  If the medium is first irradiated with 
a  dosage usually sufficient to kill Paramecia  and healthy Paramecia 
are then introduced into it, they are in no case injured.  In fact, they 
remain comparable to controls even after 18 hours.  Similar results 
are obtained when healthy Paramecia  are added to medium in which 
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Fxo. 5. Vesiculation of Paramecium at X's 2537, 2654, 2804, and 3025 A 
Paramecia  have  just  been  photolyzed.  It  appears,  then,  that  the 
photolethal effect is a  direct onc  due to  the absorption  of radiant 
energy by Paramecium. 
The determination of the absorption  of ultra-violet light by Par- 
amecium  offers considerable difficulty since the extinction of ultra- 
violet light by a suspension of Paramecia is due not only to absorption 
but also to scattering of the light and there is no convenient method A.  C.  GIESE AND  P.  A.  LEIGHTON  565 
available for measuring this scattering.  However, it should be possible 
to get an estimate  of it by applying a  modification of Rayleigh's law 
relating  scattering  and wave-length,  providing the relative  scattering 
at several visible wave-lengths is known. 
The scattering in the visible spectrum is readily seen by viewing the Paramecia 
through a microscope placed at right angles to the beam of light; in white light the 
Paramecia appear white, in blue light blue, etc.  When placed between the visible 
light  and  the eye,  they appear  translucent  indicating  little,  if any, absorption. 
Therefore  the  extinction  of visible  light  by  Paramecia  interposed  between  the 
thermopile and the beam of light is due chiefly to scattering. 
The scattering measurements were sufficiently accurate only when over 1,000 
Paramecia were present in the reaction cell.  This concentration was attained in 
the following way.  A  culture was centrifuged for 30 to 60 seconds with a force 
equal to about 10 times gravity.  The supernatant fluid was then drawn off and 
balanced salt medium was added after which the Paramecia were gently shaken 
into suspension.  After repeating the process the supernatant fluid was withdrawn 
and the concentrated suspension of Paramecia  was transferred  to a  watch-glass. 
The Paramecia were then taken up in a pipette, and, when they had gathered in 
dense aggregations at its tip, they were pipetted into Cell 2, until a plane meniscus 
was obtained.  A  drop of distilled water was then added which served not only 
to give the convex meniscus necessary, but also to rouse the Paramecia  to swim 
across the cell thus exposing maximum surface.  Mter the measurements had been 
taken,  the  Paramecia  were removed from the reaction  cell,  and  counted.  The 
total extinction measured divided by the number of Paramecia gives the amount 
of light extinguished (in visible light) per Paramecium.  The data for illustrative 
experiments at 5794 and 4350 A are given in Table I.  It was necessary to use a 
different  set  of Paramecia  for  each  measurement.  Even  with  all  precautions 
taken, some Paramecia died in every experiment except two.  As they cytolyzed 
they exposed much more surface effective in scattering.  No correction could be 
made for a given number dead as the degree of disruption varied. 
To calculate the percentage of incident light scattered, it is necessary to know 
the area occupied by a single Paramecium  and the number of layers of Paramecia 
in the reaction cell.  The effective area of Paramecium  is approximately the area 
of a median sagittal plane.  This was obtained by diagramming a Paramecium  to 
scale on graph paper, and, after assigning appropriate units corresponding to the 
actual length and width, counting the squares in the diagram.  In this manner the 
area of an average sized Paramecium, 250 by 65 microns, from the 3rd day standard 
culture, was found to be 0.0106 ram.  ~  As the  reaction Cell No. 2 had an area of 
31.8  mm.  2,  the  Paramecia  needed  to  entirely  cover its  surface  with  one  layer 
thickness would be 3,000.  As in most of the experiments reported less than half 
this number of Paramecia were used, it can be safely assumed that for most of the 
time the Paramecia were present as a  single layer.  Only experiments  in which 566  ULTRA-VIOLET RADIATION OF PARA~CIU~ 
Paramecia remained in  constant  movement throughout  were recorded; when 
aggregations formed, the data  were discarded. The calculated percentages of 
scattering in the visible light are given in Table I.  It will be seen that at 5794 A 
18 per cent and at 4350 A 22 per cent of the incident light was scattered. 
Teorell (1930)  showed that for colloidal sols scattering is inversely 
proportional  to  the wave-length raised to  some power less  than  4 
(the value assigned by Rayleigh for particles very small in size com- 
pared to the wave-length of the light).  It is probable that the scatter- 
ing  by  the  colloidal particles  of  the  protoplasm  of  Paramecium  is 
similarly related to a lower power of the wave-length.  If the ratios 
of the refractive indices of the protoplasm of Paramecium are assumed 
to be constant at different wave-lengths, it should be possible to obtain 
an approximate law of scattering by this protoplasm by inserting ex- 
perimental values for scattering at  two  visible  wave-lengths in  the 
equation: 
s, 
= 
since the various constants would  cancel  out.  Using for $I and S~ 
the values obtained above for  scattering in the yellow and blue light 
(Table I), one finds x  =  0.7. 
Having an approximation of the fraction of the extinction due to 
scattering, one can obtain the fraction of the extinction due to absorp- 
tion,  by  subtracting  the  scattering  from  the  extinction.  The  ex- 
tinction of ultra-violet light was  obtained  by  the  method  already 
described  for  measuring  the  extinction  of  visible  light.  Notwith- 
standing the considerable error due to  cytolysis, the measurements 
were of the same order of magnitude.  Since the scattering corrections 
are approximate, the data on extinction are sufficiently accurate  to 
show major differences in absorption such as those between the  three 
shorter wave-lengths (2537,  2654,  2804 A) and 3025  A, and  between 
the latter and 3130 A, but not accurate enough to disclose the minor 
differences between the three shorter wave-lengths.  More accurate 
measurements might be obtained by using the method for determining 
extinction employed by Swann and del Rosario and correcting for the 
scattering in the manner herein described.  However, a quartz micro- A.  C.  GIESE AND  P.  A.  LEIGHTON  567 
scope was not available for this purpose.  An example of extinction 
(I,p)  at  each wave-length  and  mean  values  for five  such  measure- 
ments are given in Table I.  It will  be noted that the order of mag- 
nitude of the extinction is similar to that found by  Swarm  and  del 
Rosario  for  Euglena.  The  absorption  (I~)  of light  of  each  wave- 
length was calculated and added to Table I. 
TABLE I 
A bsorption  by Paramecium 
Wave-length  No. of 
Par  arae~  ia 
A 
5794  2125 
4350  1250 
3130  1620 
3025  1750 
2804  2100 
2654  2100 
2537  2160 
Io 
58.5 
37.7 
24.8 
10.3 
4.7 
7.7 
7,6 
16 
18 
24 
22 
33 
l,p 
4-0.8 
4-0.7 
32.2 -4- 1.7 
44 
42.6 4- 2.2 
50 
62.0 4- 4.0 
60 
62,1 4- 6.2 
60 
65.5 4. 2.0 
~er ce~t 
16 
18 4- 0.8 
24 
22 -4-0.7 
28 
28 
30 
31 
32 
Iap 
per c$~tt 
0 
0 
4.2 
14.6 
32.0 
31.1 
33.5 
kp 
m 
0.02 
0.07 
0.17 
0.16 
0.18 
The absorption  coefficient k~ for a  Paramecium  (a  quantity inde- 
pendent of the intensity) may be obtained from Lambert's law: 
loglo Ii~,/I~, ffi  -- k~ lp 
if 1~ and the It~/f~  ratio are known  for a  single Paramecium.  Since 
Paramecia were present in a single layer, lp is the thickness of a single 
Paramecium,  which is fairly constant, varying closely about a  mean, 
for the 3rd day standard  culture, and may be ignored in the calcula- 568  ULTRA-VIOLET  RADIATION  OF  PARAMECIUM 
tion.  It~/I~ can easily be determined as follows: the energy incident 
upon the Paramecium, I. could be obtained by multiplying the energy 
delivered per ram3, Io, by the area of a  Paramecium,  0.0106  mm*. 
The intensity of the light transmitted through a  Paramecium, I,~, 
is the incident intensity, I., minus the absorption, Ia. at  the given 
intensity.  The  absorption  coefficients  calculated  in  this  manner 
for the average intensity and absorption values at each wave-length 
are given in Table I. 
The  photolethal  efficiencies  of  the  lethal  wave-lengths can  now 
be compared on the basis of the number of quanta which must be 
absorbed to produce 50 per cent vesiculation by calculating the energy 
absorbed per second, multiplying by the time in seconds necessary to 
TABLE  II 
Quangura Eff~iency of lh~ Lethal Dose 
W~.~- 
length 
A 
~37 
2~4 
2804 
3025 
Avle 
10,3 
6.2 
5.3 
12.2 
kv 
¢t  gs 
7.76 X  10  -~ 
7.42 
7,01 
6.55 
¢rgs 
2.31  ×  102 
1.97 
1.63 
3.16 
Absorp- 
tion 
cemt 
34 
3O 
32 
15 
7.9 ×  10 
5.9 
5.2 
4.8 
Quanta to ]vcs. 
10.1  X  10  ~ 
8.0 
7.5 
7.3 
induce 50 per cent vesiculation, and dividing by the quantum for the 
particular  wave-length.  The  results  are  summarized  in  Table  II. 
It will be noticed that the wave-lengths 2654, 2804,  and  3025 A 
are about equally effective, the differences being within the experi- 
mental error,  while the  wave-length 2537 A  is less  efficient.  This 
lower efficiency of 2537 A may be due to its greater absorption by the 
surface of the Paramecium as suggested by Sonne (1929) or it may be 
that the difference is only apparent and due merely to the slower onset 
of the changes leading to vesiculation. 
DISCUSSION 
How does the energy absorbed by the Paramecium act in bringing 
death?  Perhaps  the  most  inclusive theoretical  formulation  of  its 
possible  mode of action is  that of Boyle  (1918).  The  absorption 
of light by the  molecules of protoplasm,  he says, results in photo- A.  C.  GIESE  AND  P.  A.  LEIGHTON  569 
chemical changes with the formation of toxic photoproducts.  Then 
follow secondary changes which may be due to the reaction between 
the diffused toxic photoproducts and the materials in various regions 
of the cell.  Depending upon the technique employed by the investi- 
gators these secondary changes may be detected as changes in per- 
meability, changes in coagulability of the proteins, visible changes, 
etc.  Certain parts of protoplasm, because they absorb more radiation 
(e.g. parts of the nucleus), or, because their constituents are more sus- 
ceptible  to  injury from  radiant  energy,  may be  more profoundly 
affected in the initial reactions than others, and may therefore be the 
centers of destruction of the cell.  Sonne  (1929),  noticing different 
visible effects of different wave-lengths on Paramecium,  states  that 
different substances in protoplasm may show preferential absorption 
and dissimilar reactions at different wave-lengths, e.g. shorter wave- 
lengths may be so completely absorbed by the surface lipoids that the 
main effects might be surface phenomena while the longer wave-lengths 
may penetrate the cell and act internally. 
A number of investigators have attempted to identify the sensitive 
substances in the cell.  Harris and Hoyt (1919) thought that since the 
absorption bands of proteins are due to absorption by tyrosine and 
phenylalanine, these two amino acids might act as sensitizers, absorb- 
ing the radiation and transferring it to other materials in the cell. 
They showed that a solution of tyrosine screened Paramecia effectively 
against  lethal  ultra-violet  radiations.  Burge  (1916) attempted  to 
determine whether the enzymes of the cell are the sensitive constit- 
uents.  After  irradiating  gelatin-liquefying  bacteria with  a  dosage 
sufficient to kill, he ground them up and added the alcoholic extract 
to gelatin and found that the liquefaction resulting was equivalent 
to that brought about by living bacteria.  Gates (1928) suggests that 
since the absorption by nucleoprotein derivatives at different wave- 
lengths matches the reciprocal of the curves for the relative bacteri- 
cidal effectiveness of these wave-lengths, the sensitive materials are the 
nucleoproteins. 
Blum (1933) has recently suggested that the primary toxic photo- 
product resulting from the absorption of ultra-violet radiation may 
be H202.  He has shown that H202 is the toxic agent in the photody- 
namic  effect  and  that  thermodynamic considerations  support  the 
possibility of formation of H~O~ in the ultra-violet. 570  ULTRA-VIOLET  RADIATION OF PARAMECIUM 
To induce vesiculation in Paramecium in the experiments here re- 
ported, a  tremendous number of quanta must be absorbed  (Fig.  6). 
In  fact,  a  good proportion  of  the molecules in  a  Paramecium  are 
probably affected before  vesiculation,  since  some  10  TM  quanta have 
been absorbed before 50 per cent vesiculation has occurred (Table II) 
and, on the rough assumption that all the molecules of a Paramecium 
have the average size of an albumin molecule, a  Paramecium would 
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FIG. 6.  Survival-absorption curve (2654  A). 
II, curve expected on the single-hit hypothesis. 
8O 
Curve I, experimental.  Curve 
have some 1013 molecules.  Of course, certain molecules may absorb 
many quanta before vesiculation occurs.  It is self-evident that the 
single-hit-to-kill hypothesis advanced for the lethal effects of cathode 
rays  and  x-rays upon  bacteria  (Wyckoff,  1932)  is  inapplicable  for 
immediate death of Paramecium, as a result of irradiation with ultra- 
violet light. 
It seems desirable to extend the present work to include a study of 
the temperature coefficient of photolethal vesiculation, the differential 
susceptibility of Paramecia of different stocks in different states and A.  C.  GIESE  AND  P.  A.  LEIGHTON  571 
under different conditions,  the threshold dosage  for killing and  the 
sublethal effects of ultra-violet light before attempting to  add to the 
analysis of the action of the absorbed light. 
SU1WM'ARy 
Paramecia  grown under  controlled conditions  were  irradiated  at 
known intensities  of light  of wave-lengths  2537,  2654,  2804,  3025, 
and 3130 A.  The approximate absorption of the light  by  the  Par- 
rnecia was found to be greatest and of the same order of magnitude at 
the three shortest wave-lengths, considerably less at 3025,  and  least 
at 3130 A. 
Paramecia did not die when irradiated with high dosages of intense 
light of wave-length 3130 A.  At the other wave-lengths 50  per  cent 
vesiculation occurred when between  1012 and  1013 quanta  had been 
absorbed by a  Paramecium.  This would indicate  that a  very large 
number of molecules in a Paramecium are affected before vesiculation 
occurs. 
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